Purpose To evaluate the effect of intravitreal triamcinolone acetonide on visual acuity in branch retinal vein occlusion. Methods The prospective comparative nonrandomized clinical interventional study included 28 patients (28 eyes) with branch retinal vein occlusion. The study group consisting of 10 consecutive patients received an intravitreal injection of 20-25 mg of triamcinolone acetonide. The control group including 18 patients did not receive an intravitreal injection. The mean follow-up was 8.774.4 months.
Introduction
Intravitreal triamcinolone acetonide has increasingly been used in previous studies for treatment of intraocular proliferative, oedematous, and neovascular diseases, such as diffuse diabetic macular oedema, [1] [2] [3] proliferative diabetic retinopathy, 4 neovascular glaucoma, 5 central retinal vein occlusion, [6] [7] [8] proliferative vitreoretinopathy, 9 chronic pre-phthisical ocular hypotony, 10 chronic uveitis, [11] [12] [13] [14] [15] persistent pseudophakic cystoid macular oedema, [16] [17] [18] exudative age-related macular degeneration, [19] [20] [21] [22] [23] [24] [25] cystoid macular oedema due to retinitis pigmentosa, 26 ischaemic ophthalmopathy, 27 sympathetic ophthalmia, 28 idiopathic juxtafoveal telangiectasis, 29 as visualization aid during pars plana vitrectomy, 30 and in other clinical situations. [31] [32] [33] [34] [35] [36] In aqueous humour and in silicone oil, respectively, triamcinolone acetonide has been found up to 1.5 years and up to 8 months, respectively, after the intravitreal injection. [37] [38] [39] [40] Systemic and local side effects reported so far include cataract, secondary ocular hypertension, leading in some patients to secondary chronic open-angle glaucoma, [41] [42] [43] and postinjection infectious endophthalmitis. [44] [45] [46] Due to its antioedematous and antiangiogenic effects as shown in experimental investigations and clinical studies, [47] [48] [49] [50] [51] intravitreal triamcinolone acetonide has additionally been used in previous pilot studies on central retinal vein occlusions. It was the purpose of the present study to evaluate whether intravitreal triamcinolone acetonide may be therapeutically useful to increase visual acuity in patients with long-standing cystoid macular oedema due to branch retinal vein occlusion.
Methods
The prospective comparative nonrandomized clinical interventional study included all 10 patients (five women; 10 eyes; six right eyes), who consecutively presented with branch retinal vein occlusion, who received an intravitreal injection of 20-25 mg of triamcinolone acetonide, who did not undergo cataract surgery in combination with, or after, the intravitreal injection, and for whom follow-up was 1 month or longer (Table 1 ). All patients were fully informed about the experimental character of the therapy. All patients signed an informed consent. The study was performed at a university hospital. The ethics committee of the university had approved the study following the tenets of the Declaration of Helsinki. The mean age of the patients was 73.977.3 years, mean refractive error was 1.0171.70 D (Table 1) . Mean follow-up time was 8.774.4 months. Fluorescein angiogram performed for all patients showed a marked cystoid macular oedema, in addition to intraretinal haemorrhages in the region of the branch retinal vein occlusion. Two eyes (20%) showed the ischaemic type of branch retinal vein occlusion, and the remaining eight (80%) eyes showed the nonischaemic type of branch retinal vein occlusion.
The study group was compared with a control group including 18 eyes (nine right eyes) of 18 patients (10 women), who did not receive an intravitreal injection of triamcinolone acetonide. In four (22%) eyes, a retinal argon laser coagulation was performed as treatment of branch retinal vein occlusion during the follow-up. Five (28%) patients of the control group showed the ischaemic type of branch retinal vein occlusion, and 13 (72%) showed the nonischaemic type. Due to the distribution of patients into the study group and the control group, both groups did not vary significantly in preoperative visual acuity (P ¼ 0.27), preoperative intraocular pressure (P ¼ 0.19), age (P ¼ 0.11), refractive error (P ¼ 0.46), gender (P ¼ 1.01), right or left eye (P ¼ 0.71), follow-up time (P ¼ 0.13), and ischaemic vs nonischaemic type of branch retinal vein occlusion (P ¼ 1.0) ( Table 1 ).
All patients complained about a loss of vision experienced at least 5 months prior to the intravitreal injection. The mean visual acuity at baseline of the study was 0.2770.11 (median 0.25; range 0.05-0.50) in the study group, and it was 0.3570.16 (median 0.40; range 0.06-0.50) in the control group. The mean intraocular pressure measured 16.973.2 mmHg for the patients of the study group, and it was 15.272.9 mmHg for the patients of the control group (Table 1) .
At baseline of the study and in repeated intervals afterwards, all patients underwent a routine ophthalmologic examination including standardized visual acuity measurement using Snellen charts, slitlamp biomicroscopy, Goldmann applanation tonometry, and ophthalmoscopy. For the patients of the study group, the examinations were routinely performed during the first week after the injection, and roughly in monthly intervals after the injection. For all patients included in the study, the results of at least one examination performed at least 1 month, or later, after the intravitreal injection were available.
The intravitreal injection of triamcinolone acetonide was performed under sterile conditions in the operation theatre, using an operation microscope. Prior to the intravitreal injection, topical Betadine R (povidone-iodine 5%) (Alcon, Ft Worth, TX, USA) was applied, and after that the patients were completely draped. A lid speculum was inserted and a paracentesis carried out to decrease the volume of the eye. The injection of 20-25 mg (0.2 ml) crystalline triamcinolone acetonide was performed through a sharp 27-gauge needle through the inferior pars plana, at 3-3.5 mm from the limbus. After that, an antibiotic ointment (polymyxin and neomycine) was applied. The triamcinolone acetonide had been prepared by extracting 0.625 ml from the ampoule (Volon Eye A R , Bristol-Myers-Squibb, Germany) containing 40 mg of triamcinolone acetonide in 1 ml. The extracted volume was filled into a tuberculin syringe (1 ml) or a 2 ml syringe. The syringe was filled up with Ringer's solution. A millipore filter (pore size, 5 mm) was placed on top of the syringe, and most of the content of the syringe was pressed through the filter, with the triamcinolone acetonide crystals remaining in the syringe. The syringe was re-filled with Ringer's solution, and the same procedure was repeated for three times. At the end, 0.2 ml of solution in the syringe was left, and, using a 27-gauge needle, the content was injected transconjunctivally into the vitreous cavity.
Statistical analyses were performed by using a commercially available statistical software package (SPSS for Windows, version 11.5, SPSS, Chicago, IL, USA). To test the statistical significance of differences between the study group and the control group, the Mann-Whitney test, Wilcoxon-test, or Student's-t-test for parameters such as intraocular pressure and visual acuity were used. For parameters such as gender and right or left eye, the w 2 test was applied. The level of significance was 0.05 (two-sided) in all statistical testing.
Results
In the study group, mean visual acuity increased from 0. 2770.11 preoperatively to a best visual acuity during the follow-up of 0.4570.27 (Table 2; Figure 1) . The difference between the baseline value and the best postoperative value was statistically significant (P ¼ 0.02). Nine (90%) eyes showed at least one visual acuity measurement better during the follow-up compared with baseline of the study. Measured in Snellen lines, six (60%) eyes showed an improvement by at least two Snellen lines or more. Visual acuity measurements determined 1 month after the injection were significantly (P ¼ 0.027) higher than the baseline values ( Table 2 ). There was no clear tendency of visual acuity measurements to return to the baseline values at the end of the follow-up (Table 2 ; Figure 1 ). Considering visual acuity measurements taken at the end of the follow-up, visual acuity measurements were higher, however not significantly higher, than the values obtained at the baseline of the study.
The difference to the baseline visual acuity was not significant (P ¼ 0.59) ( Table 2) .
Dividing the study group into the ischaemic subgroup (n ¼ 2) and the nonischaemic group (n ¼ 8) revealed that preoperative visual acuity was lower, however not statistically lower (P ¼ 0.71), in the ischaemic subgroup vs the nonischaemic subgroup (0.18 7 0.18 vs 0.29 7 0.09). In the ischaemic subgroup, visual acuity did not change significantly (0.18 7 0.18 to 0.13 7 0.04; P ¼ 0.66), while, in the nonischaemic subgroup, visual acuity increased significantly (P ¼ 0.012) from the baseline value to the best postoperative measurement (0.
.2 Snellen lines).
In the control group, baseline visual acuity and best visual acuity during the follow-up did not vary significantly (0.35 7 0.16 vs 0.40 7 0.24; P ¼ 0.27) ( Table 3) . Visual acuity at the end of the follow-up did not differ significantly (P ¼ 0.89) from the baseline values (Table 3) . Eight eyes (44%) showed at least one visual acuity measurement better during the follow-up compared with baseline of the study. For seven (39%) eyes, visual acuity measurements after baseline of the study were worser than those at the start of the study.
Comparing the study and control groups with each other, gain in visual acuity measured 1 month after baseline of the study was significantly higher in the study group than in the control group (2.30 7 1.86 Snellen lines vs À1.757 1.26; P ¼ 0.016). The same hold true for visual acuity measurements obtained at 2 months after the start of the study (P ¼ 0.012). For visual acuity measurements performed later during the followup, the number of patients may have been too small for a statistical analysis (Tables 2, 3 ). Maximal gain in visual acuity was higher, however not significantly (P ¼ 0.12) higher, in the study group (1.89 7 2.26 Snellen lines) than in the control group (0.25 7 3.34 Snellen lines). The number of eyes demonstrating an improvement in visual acuity during the follow-up was higher, however not statistically significantly (P ¼ 0.065), in the study group than in the control group.
In the study group, intraocular pressure increased significantly (P ¼ 0.007) from 16.9 7 3.2 mmHg (median 17 mmHg; range 12-23 mmHg) at baseline of the study to a mean maximal value of 23.5 7 4.4 mmHg (median 23 mmHg; range 18 -32 mmHg), and decreased significantly (P ¼ 0.03) again to 19.8 7 6.2 mmHg (median 17 mmHg; range 15 -32 mmHg) at the end of the follow-up. The preoperative intraocular pressure measurements and the pressure readings at the end of the follow-up period did not differ significantly (P ¼ 0.27). During the study period, intraocular pressure was higher than 21 mmHg in seven (70%) eyes. In all of these eyes, intraocular pressure could be normalized by topical antiglaucomatous medication. Glaucomatous damage of the optic nerve as determined by biomorphometry of the optic nerve head 12 was not detected.
In the control group, intraocular pressure at baseline of the study (15.2 7 2.9 mmHg), intraocular pressure measurements during the follow-up (peak: 14.8 7 4.1 mmHg), and at the end of the study did not vary significantly (P40.20). None of the eyes of the control group developed intraocular pressure measurements higher than 23 mmHg during the follow-up. Correspondingly, intraocular pressure during the followup (Po0.001) and at the end of the study (P ¼ 0.002) was significantly higher in the study group than in the control group. Both groups did not vary significantly (P ¼ 0. 19) in intraocular pressure at baseline of the study (Table 1 ).
In none of the patients, triamcinolone acetonide crystals had settled on the macular region. The crystals were preretinally located in the vitreous cortex at the 6 o'clock position and did not optically interfere with vision. In none of the eyes included in the study, postoperative infectious endophthalmitis, sterile endophthalmitis, rhegmatogenous retinal detachment or proliferative vitreoretinopathy were observed.
Discussion
The results of the study suggest that intravitreal triamcinolone acetonide may be useful to increase visual acuity in patients with branch retinal vein occlusion. The patients of the study group experienced a significant increase in visual acuity, while the patients of the control group did not show a significant change in visual acuity during the follow-up (Tables 2, 3 ; Figure 1 ). Comparing the study and control groups with each other, gain in visual acuity was significantly more marked in the study group for the measurements obtained 1 and 2 months after baseline. It confirms previous studies in which intravitreal triamcinolone acetonide reduced macular oedema in eyes with different diseases such as pseudophakic cystoid macular oedema, uveitis, exudative age-related macular degeneration, and diffuse diabetic macular oedema. [1] [2] [3] [6] [7] [8] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] 29 The present study on branch retinal vein occlusion is in agreement also with studies on patients with retinal vein occlusions in which intravitreal triamcinolone acetonide led to a marked decrease in macular oedema, and to a slight increase in visual acuity. [6] [7] [8] Previous studies on central retinal vein occlusion and exudative age-related macular degeneration demonstrated an increase in visual acuity or a relative decrease in the size of the subfoveal neovascularization membrane in the first few months after an intravitreal injection of triamcinolone, and they showed a re-decline in visual acuity about 3-5 months after the injection. [6] [7] [8] [19] [20] [21] [22] [23] [24] [25] In contrast to the latter studies, the present investigation did not show a clear tendency of a decrease in visual acuity towards the end of the study. It may suggest that, in eyes with branch retinal vein occlusion, intravitreal triamcinolone acetonide may be associated with a longer lasting increase in visual acuity compared with eyes with central retinal vein occlusion and exudative age-related macular degeneration.
The reasons why intravitreal steroids increase vision in patients with macular oedema have been elusive; however, stabilization of the blood-retinal barrier may play a significant part. 48, 52 One of the reasons why visual acuity did not increase more than that found in the present study may be macular ischaemia and tissue destruction accompanying retinal vein occlusions. It is reflected in the finding that, in the ischaemic subgroup of the study group, visual acuity did not change significantly (P ¼ 0.66) after the intravitreal injection, while, in the nonischaemic subgroup, visual acuity increased significantly (P ¼ 0.012). If retinal cells have been lost due to capillary nonperfusion, or if intraretinal intercellular structures have been disrupted due to chronic macular oedema and swelling, resolution of the oedema may only have a limited effect in raising visual function.
Direct toxic effects of triamcinolone acetonide on the retina and optic nerve were not observed in the present study nor in other studies on eyes in which the same dosage of triamcinolone acetonide was injected for various reasons. 1, 4, 5, 7, 9, 10, 18, 23, 24, 27, 28, [32] [33] [34] [35] [36] [37] [38] 40, 42 Correspondingly, a recent safety and efficacy study of an intravitreal fluocinolone acetonide sustained delivery device as treatment for cystoid macular oedema in patients with uveitis 13 and other clinical and experimental studies have not shown a toxic effect of intraocular steroids. [53] [54] [55] [56] An elevation of intraocular pressure above 21 mmHg occurring in seven eyes (70%) in the present study was not a major clinical problem. In all these eyes, intraocular pressure could be controlled by topical antiglaucomatous treatment. Similar observations were made by Wingate 41 and colleagues, Martidis 2 and colleagues, and Bakri and Beer 43 using a dosage of 4 mg of triamcinolone acetonide, as well as in other previous studies using a dosage of 20-25 mg of triamcinolone acetonide. 42 A major difference between the studies on the intravitreal application of triamcinolone acetonide performed by others and the present investigation is the dosage of triamcinolone intravitreally injected. In all previous studies on intravitreal applications of triamcinolone acetonide for cystoid macular oedema, diabetic macular oedema, and macular degeneration performed by other researchers, dosages of 4 mg or less of triamcinolone acetonide were used. The reasons why we used a dosage of 20-25 mg of triamcinolone acetonide instead of a dosage of 4 mg have been that, right from the beginning of the ongoing triamcinolone studies now involving more than 500 patients, we have used the same dosage of 20-25 mg of triamcinolone acetonide, and that we have not seen side effects so far that may be attributed to that high dosage. It also holds true for repeated intravitreal injections of 20-25 mg of triamcinolone acetonide. 23, 25 The most important limitation of the present study is that it is not a randomized prospective investigation in which the patients were randomly distributed between a study group and a control group. Yet, nine (90%) eyes gained in visual acuity after the injection of triamcinolone acetonide, with six (60%) eyes gaining in visual acuity by at least two Snellen lines. Furthermore, one has to consider that the effect of a triamcinoloneinduced cataract formation on visual acuity has not been taken into account in the assessment of visual acuity in the present study. The cataract-associated decrease in visual acuity may have compensated or partially covered an increase in visual acuity due to the effect of triamcinolone acetonide. Other limitations of the study are the relatively small number of patients included in the study group, and the relatively short follow-up period.
In conclusion, the patients included in the present study showed after an intravitreal injection of 20-25 mg of triamcinolone acetonide a significant increase in visual acuity. Side effects of the intravitreal injection of triamcinolone acetonide were an elevation in intraocular pressure in seven (70%) eyes, and, probably, an increase in cataract formation. A steroid-induced rise in intraocular pressure could medically be controlled. In agreement with previous case reports on the effect of intravitreal triamcinolone acetonide on macular oedema due to retinal vein occlusions, [6] [7] [8] 57 the results of the present study on branch retinal vein occlusion suggest that the intravitreal injection of triamcinolone acetonide may be a therapeutic option to temporarily increase visual acuity in patients with branch retinal vein occlusions.
